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Abstract: The corrosion resistance of Zr-0.8Sn-1Nb-0.3Fe alloys prepared by two different 
processes was investigated in 400?/18.6MPa superheated steam by static autoclave after irradiated 
by 360? with Kr+-irradiation of 5~25 dpa. The microstructures of oxidation film after corrosion 
were analyzed by TEM, SEM, and XRD. The results showed that the corrosion weight-gain 
increased with the irradiation dose, while the weight-gain of 1# alloy with smaller and more 
dispersive SPPs than 2# alloy was lower under the same irradiation dose. Before corrosion turning, 
the oxygen content in the oxidation film decreased from the steam-side to the zirconium matrix. The 
oxidation film beside the steam-side was mainly composed by equiaxied monoclinic ZrO2 crystal, 
while near the film/matrix interface by columnar quartet ZrO2 crystal and hexagonal Zr3O crystal. 
After transition of corrosion weight, the film near the interface grew like cauliflowers, and the size 
of cauliflowers were corresponded to the growth rate and uneven growth trend of oxidation film. 
Key words: Zr-0.8Sn-1Nb-0.3Fe alloy, Ion irradiation, Corrosion, Oxide film 
 
 
0  ?  ? 
???????????????????
?????????????????????
?????????????????????
 
?????2017-04-28??????2017-07-11 
?????????1979—??????????????????? 
   
 
? ? ? ? ?                             Vol.38. No.5. 2017124 
?????????????????????
??????????????????????
?????????????????????
????????????????????5~6
?????????????????????
??????????????????????
???????????????[1-4]?????
?????????????????????
?????????????????????
?????????????????????? 
Zr-0.8Sn-1Nb-0.3Fe??????????
Zr-Sn-Nb???????????????Zr-4?
?????????????????????
??2???????Zr-0.8Sn-1Nb-0.3Fe??
?1#?2#????????????????Kr+
?????????????????????
????1#?2#???360??5~25 dpa? Kr+?
??????400?/10.3 MPa????????
?????????????????????
?????????????? 
 
1  ???? 
1.1  ???? 
Zr-0.8Sn-1Nb-0.3Fe??????1#?2#??
?????? 
1#?50 g????β???????????
????????????????? 
2#?50 g????β???????????
?????????????????????
?????? 
????????10 mm×5 mm×2 mm (?×
?×?) ??????????????????
??400 keV???????360???????
??1#?2#?????Kr+??????????
?????5?10?25 dpa? 
1.2  ???? 
???????????????????
? 400?/10.3 MPa?????????????
??????? 14 d????????????
??FIB?????????????????
JEM-2100 ????????????TEM??
Tecnai F30???????????STEM???
???????????????? Philips 
X’Pert????? X??????XRD????
???????????FEI Nova Nano SEM 400 
?????????SEM???? 14 d? 100 d
???????/?????????????? 
 
2  ????? 
2.1 ????? 
? 1????????Kr+?????? 1#?
2#???? 400?/10.3 MPa?????????
????? 1?????2????? 42 d??
?????????????????????
??????????????? 100 d???
?????????????????????
??? 5 dpa??? 25 dpa?????????
??????????????2#??????
????? 1#???? 2?? 
???????????????1#? 2#?
??? Kr+????????????????
?????????????????????
?????????????? H ? O ???
?[5-7]??????????????????? 
 
 
        a  1#??? 
 
      b  2#??? 
? 1  Kr+??? 1#?2#???? 400?/10.3 MPa  
         ??????????? 
Fig. 1  Corrosion Kinetic Curve of Post-Irradiation 1# and  
        2# Zirconium Alloys in Steam at 400?/10.3 MPa 
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Fig. 2  Corrosion Rate of Post-Irradiation 1# and 2# Zircon-  
  ium Alloys in Steam at 400?/10.3 MPa/100 d 
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Fig. 3  TEM Photographs at Sectional Oxide Film of 1# and  
      2# Zirconium Alloys Kr+-Irradiated in 360?/5 dpa  
    and Corroded in 400?/10.3 MPa Steam for 14 d  
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Fig. 4  STEM Photographs of Bright Field Imaging and  
      Selected Area Electron Diffraction at Sectional  
         Sample of 2# Zirconium Alloys Kr+-Irradiated  
in 360?/5 dpa and Corroded in 400?/10.3 MPa  
Steam for 14 d Exposure 
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Fig. 5  TEM Photographs at Sectional Oxide Film of 1# and  
2# Zirconium Alloys Kr+-Irradiated in 360ºC/10dpa  
and Corroded in 400?/10.3MPa Steam for 14 d  
Exposure 
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Fig. 6  TEM Photographs and XRD Spectrum at Sectional  
       Oxide Film of 1# Zirconium Alloys Kr+-Irradiated  
      in 360?/25 dpa and Corroded in 400?/10.3 MPa  
Steam for 14 d Exposure 
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Fig. 7  TEM Photographs at Sectional Oxide Film of 2# 
Zirconium Alloys Kr+-Irradiated in 360ºC/25dpa  
and Corroded in 400?/10.3 MPa Steam for 14 d 
Exposure 
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Fig. 8  Micrographs at Oxide Film/Substrate Interface of 
Post-Irradiation 2# Zirconium Alloys Corroded  
in 400?/10.3 MPa Steam for 14 d and 100 d  
Exposure 
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